hypothesis-driven research by small groups?
Quite often the problems we are interested in 'solving' in biology have a similar structure. We observe a phenomenon and then try to explain the phenomenon by the dynamic interactions of known elements at a given hierarchical level, such as at the level of molecules, cell types, or brain regions. Big data gathering is invaluable for comprehensively describing the elements and possible interactions at a given hierarchy. The next step is to fi nd a fi nite number of elements and interactions that are most relevant and important for a given phenomenon; then to prove, using experimentation and modelling, whether the chosen set of elements and interactions together are indeed enough to explain a large or relevant part of the chosen phenomenon. We could call this part 'understanding' (of the phenomenon). It seems to me that small groups, with different expertise and skills, working on the same topic helps considerably for both choosing relevant phenomena to be solved and for putting together the pieces and coming to a conclusion. The reason for this is because, fi rst, we do not have a high-throughput way of determining what is relevant and, second, experiments, especially in vivo, are so complicated that we have to use our inventive mind to suggest a few experiments that will provide the most convincing evidence. Nevertheless, our understanding of the workings of living organisms is so small and we progress so slowly that I am sure that we will need to re-evaluate from time to time how we conduct biological research.
If you could ask an omniscient higher being one scientifi c question, what would it be and why? It would be on the difference between the brain of a non-human primate and the brain of a human. Genetically the change is minor: however, if we look at the outcome in terms of brain function, the difference is enormous. What is the underlying reason?
SERK co-receptor kinases
Benjamin Brandt and Michael Hothorn* What are they? Somatic embryogenesis receptor-like kinases (SERKs) are small membrane-embedded signaling proteins. They are part of a plant-specifi c family of leucine-rich repeat (LRR) receptor kinases (RKs). LRR-RKs are membrane receptors that sense a diverse set of extracellular ligands, and that relay these signals into the cytosol to trigger specifi c cellular responses (Figure 1 ). The genome of Arabidopsis thaliana encodes at least 220 LRR-RKs, fi ve of which are SERKs. SERK proteins consist of a small extracellular LRR-domain with 5 repeats, a single membrane-spanning helix and a cytoplasmic kinase domain, which can auto-and trans-phosphorylate on Ser/ Thr and Tyr residues (dual-specifi city kinase).
How were they discovered? SERKs were initially described as embryogenic markers in carrot cell suspension cultures, hence the name. One of the fi ve SERK proteins in Arabidopsis, SERK3, was early on shown to be a positive regulator of the brassinosteroid growth signaling pathway.
What do they do? SERKs control diverse aspects of plant development such as brassinosteroid-and phytosulfokine-dependent growth, somatic embryogenesis, male sporogenesis and stomatal patterning. SERKs form an integral part of the plant immune system and regulate cell death.
Quick guide
How do they do that? One of the best characterized functions for SERKs is in brassinosteroid signal transduction. Overexpression of SERK3 was initially found to rescue weak loss-of-function alleles of the LRR-RK BRI1, the receptor for growth-promoting brassinosteroids. Loss-of-function of multiple SERKs reduces the plant's sensitivity to brassinosteroids, suggesting that SERKs are involved in hormone sensing and that they act redundantly in brassinosteroid signaling. Upon brassinosteroid perception, BRI1 and SERKs interact at the plasma-membrane. This interaction renders their kinase domains competent to trans-phosphorylate each other, which in turn switches on the cytoplasmic side of the brassinosteroid signaling pathway.
What's the mechanism?
The molecular function of SERK proteins became clear when the structure of the extracellular LRR domain of BRI1 was resolved. In contrast to human LRR receptor proteins (Toll-like receptors), which have horseshoe-shaped LRR domains that homodimerise upon ligand-binding, the LRR domains of plant RKs are spiral shaped. This special shape does not allow for ligand-dependent homodimerization. Instead, plant LRRRKs require a shape-complementary co-receptor protein, which contributes to ligand binding, and which mediates receptor activation. SERKs turned out to be these co-receptors for different LRR-RKs. In the case of BRI1, brassinosteroid binding generates a docking platform for the smaller LRR domain of SERKs. The hormone acts as a molecular glue, driving the hetero-dimerisation of BRI1 with its SERK co-receptor. Other LRR receptor kinases, such as the innate immune receptor FLS2 or the peptide hormone receptor PSKR, recruit SERKs in very similar ways, despite binding drastically That few proteins involved in that many processes? Strikingly, only a small sub-set of amino acids in the small LRR domain of SERKs appears to be involved in the specifi c recognition of very different smallmolecule and peptide ligands. It is very surprising that so many different functions are controlled by only fi ve receptor proteins, with partially overlapping and redundant functions. It is presently not well understood why plant membrane signaling pathways depend on so few co-receptor kinases. To fully appreciate the roles of SERKs in plant signaling, we fi rst need to uncover the receptors and ligands they help to activate and sense. Next, we have to understand how they create specifi c signaling outputs in different LRR-RK pathways. Finally, we need to dissect their functional redundancy and to better understand their regulation by other cellular factors, such as receptor-like proteins and cytoplasmic kinases and phosphatases.
Where can I fi nd out more?
Li, J., Wen, J., Lease, K.A., Doke, J.T., Tax, F.E., and Walker, J.C., (2002 Photographs have also been used to provide useful information about marine animal populations [6, 7] . Inspired by these approaches, we collected and analysed amateur photographs of the major seabird colony in the Baltic Sea. Based on these photographs, we reconstructed a uniquely long (98 years) time series of the population trend of common guillemots (Uria aalge). We found that the population has increased from low numbers in the early 20 th century, to a historically high level today. Changing population trends appear linked to variable human infl uence on this marine ecosystem.
The common guillemot is a fi sheating seabird that breeds throughout the boreal and subarctic part of the northern hemisphere, and constitutes an important marine ecosystem indicator. The island of Stora Karlsö (57°17´1N, 17°58´2E) hosts the largest colony of this species in the Baltic Sea, harbouring approximately two-thirds of the entire Baltic Sea population [8] . Stora Karlsö also has a unique conservation history. The island was purchased by Karlsö Jagtoch Djurskyddsförenings AB (a private company dedicated to regulated hunting and nature conservation) in the 1880s and has ever since enjoyed protection from unregulated Correspondence hunting and other disruptive activities. Members of the Swedish bourgeoisie frequently visited the island in the early 1900s (the King of Sweden owns the fi rst share in the company). Since the 1920s, the company has organized daily tours and partly funds its activities through nature tourism. This history of private investment and tourism has created unique photographic material.
Photographs documenting the guillemot colony were derived from national and regional archives, commercial stock photo agencies and requests to the public in magazines, internet forums and a local radio station ( Figure 1A ). We collected 113 photographs from 37 years between 1918 and 2005, and complemented these with a detailed photo documentation of the colony from 2006-2015. Based on these photos, we counted the number of breeding birds each year based on 65 subareas (Figure 1 ; Supplemental information).
Common guillemots in the Baltic Sea were heavily depleted in the early 1900s due to intense hunting and egg collection [8] and we therefore expected the early conservation efforts to produce a population increase. This is confi rmed by our results: the earliest photographs show the lowest numbers of breeding birds in the sub-colony ( Figure 1B) . Stora Karlsö was the only known breeding site of common guillemots in the Baltic Sea at the time [8] and because this study covers one of two sub-colonies on the island at the time, these birds represented a signifi cant part of the Baltic Sea population. The general long-term increase was, however, interrupted by a previously undocumented stagnation or decline between the mid 1960s and the mid 1980s ( Figure 1B) . From the 1980s onwards, the increase in numbers has been particularly strong and steady ( Figure 1B) . The reconstructed time series suggests that it took about 40 years for the population to recover from the decline that began in the 1960s ( Figure  1B) . A trend fi t model of the sub-colony development with two breakpoints (decline in 1960s and increase in 1980s) fi ts the data signifi cantly better than a linear model of the entire period (Supplemental information).
Three parameters -reproduction, population exchange and survivalregulate population trends in animal
